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(54) A systenn and method for querying a music database 



(57) A system and method for querying a music da- 
tabase (302). the database containing a plurality of in- 
dexed pieces of music, where the query (104) is per- 
formed by forming a database request consisting of a 
conditional expression relating to. the name and/or at- 
tributes of the desired piece of music. Associated pa- 



rameters are derived from the database query and com- 
pared with corresponding parameters for the other piec- 
es of music in the database (302). A desired piece of 
music is determined by searchirig for a minimum dis- 
tance between the database query parameters and 
those associated with the pieces of music in the data- 
base (302). 
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Description 

FIELD OF THE INVENTION 

[00011 Tbe present invention relates to the field o1 music systems and. in particular, to the identification and retrieval 
of particular pieces of music or attemately, attributes of a desired piece of music, from a music database on the basis 
of a query composed of desired features and conditional stalenr>ents. 

BACKGROUND OF THE INVENTION 

[00021 Retrieval of music or music attributes from a database requires, in common with generic database f unctionalfty. 
a query method which is powerful and flexible, and preferably intuitively meaningful to the usen This in turn requires 
that the database contain music which has been classified in a manner which is conducive to systematic search and 
sort procedures. TTiis latter aspect in turn requires that pieces of musb be characterised in a manner which permits of 
15 such classification- 

[0003] Thus a hierarchy of requirements or elements which make up a music database system are as follows: 

• characterising music using attributes useful in a classification scheme 

• classifying music in a meaningful searchable sUucture, and 
20 • querying the database so fonmed. to yield meaningful results. 

[00041 The hierarchy, has been defined "bottom up" since this presents a more meaningful progression by which the 
invention can be described. * - i 

[OOOSl • When considering audio signals in general, and in particular those relating to music, the nature of the signals 

25 may be considered in terms of various attributes which are intuitively meaningful. These attributes include, among 
others tempo, loudness, pitch and timbre. Timbre can be considered to be made up of a number of constituent sub- 
features including -sharpness" and -percussivityV These features can be extracted from music and are useful m char- 
acterising the music for a classification scheme. 
. [00061 The publication entitled "Using Bandpass and Comb Filters to Beat-track Digital Audio" by Eric D. Scheirer 

30 (MIT Media Laboratory. December 20. 1 996) discloses a method for extraction of rhythm information or "beat track" 
from digital audio representing musk:. An 'amplitude-modulated noise" signal is produced by processing a musical 
signal through a filter bank of bandpass filters. A similar operatbn is also performed on a white noise signal from a 
pseudo^random generator. Subsequently the amplitude of each band of the ncMse signal is modulated with the amplitude 
envelope of the corresponding band of the musical filter bank output Finally the resulting amplitude modulated noise 

35 signals are summed together to form an output signal. It is claimed that the resulting noise signal has a rhythmic percept 
which, is significantly the same as that of the original music signal. The method described can run in real-time on a 
very fast desktop workstation or alternately, a multi-processor architecture n^ay be -utilised. This method suffers from 
the disadvantage of being highly computationally intensive. 

[00071 Percussivity is that attribute which relates to a family of musical instruments known as "percussion" when 
40 considering an orchestra or a band. This family includes such musical instruments as drums, cymbals, castanets and 
others Processing of audio signals in general and musical signals in partrcular. benefits from the ability to estimate 
various attributes of the signals, and the present invention is concerned with estimating the attribute of percussivity. 
[0008] A number of different methods have been used to estimate percussivity of a given signal, such methods 
including those broadly based upon: 

• Short-time power analysis 

• stiatistical analysis of signal amplitude 

• comparison of harmonic spectral component power with total spectral power 

so [0009] Short-time signal power estimatbn involves calculation of an equivalent power (or an approximation thereof) 
within a short segment or "window" of a signal under consideratiOT. The power estimate can be compared to a threshold 
in order to determine whether the portion of the signal within the window is percussive in nature. Alternatively, the 
power estimate can be compared to a sliding scale of thresholds, and the percussive content of the signal classified 
with reference to the range of thresholds. 

55 [0010] Statistical analysis of signal amplitude is typically based upon a "running mean" or average signal amplitude 
value where the mean is. determined lor a window which slides across the signal under consideration. By sliding the 
window, the running mean is determined over a pre<Jelermined fime period of interest. The mean value at each window 
position is compared to mean values for other windows in a neighborhood in drder to determine whether signal variations 
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in the running mean are sufficiently large to signify that the signal is percussive. 

[0011] Harmonic spectral component power analysis involves taking, a vwndowed Fourier transform of the signal in 
question over the lime period of interest, and then examining the resulting set of spectral components. The spectral 
components which are indicative of harmonic series are removed. It is noted that such harmonic series components 
typically represent local maxima in the overall spectral envelope of the signal. After removing the harmonic series 
spectral components, remaining spectral components substantially consist onty of the inharmonic components of the 
signal, these being considered to represent percussive components erf the signal. The total power in these inhannonic 
• components is determined and compared with a total signal power for all components, harmonic and'non^armonic 
to yield an irKJication of percussivity. 

[0012] The aforementioned analysis methods are typically intended to Identify a range of signal attributes and thus 
suffer from-relalively limited accuracy, and a tendency to produce false or unreliable percussivity estimates The meth- 
iDds are also relatively complex and thus expensive to implement, particularly the harmonic spectral component esti- 
mation method. 

[0013] U.S. Patent No. 5.616.876 (Gluts el al) entitled 'System and Methods for Selecting MOsic on the Basis of 
Subjective Contenf describes an interactive network providing music to subscribers which allows a subscriber to use 
a seed song to idenUfy other songs similar to the seed song, the similarity between songsbeing based on the subjective 
content of the songs, as reflected in style tables prepared by editors. The system and methods described in this pub- 
lication are based on the manual categorisation of music, with the attendant requirement for human participation in the 
process, with the resultant speed, accuracy and repeatability of. the process limited by human attributes. 
[0014] The publication entitled "Content - Based Classification. Search, and Retrieval of Audio" by Eriing et al (IEEE 
Multimedia Vol. 3. No. 3. 19g6. pp.27-36) discloses indexing and retrieving short audio files (i.e. 'sounds') from a 
database. Features from the sound in question are extracted, and feature vectors based on staUstical measures relating 
to the features are generated. Both the sound and the set of feature vectors are stored in a database for later search 
and retneval. A method of feature comparison is used to determine whether or not a selected sound is similar to another 
sound stored in the database. The feature set selected does not include tempo and thus the system will not pertorm 
well in differentiating between pieces of music. Furthermore, the. method determines features which provide scalar 
stalislical measures over short time windows. Furthermore, the method uses features such as bandwidth which are 
not readily conceptualized in terms of impact of music selection. 

[0015] It is seen from the above that existing arrangements have shortcomings in all elements in the hierarchy of 
requirements descnbed, and it is an object of the invention to ameliorate one or more disadvantages of the prior art. 

SUAAMARY OF THE INVENTION 

[0016] According to one aspect of the invention, there Is provided a method for querying a music database which 
contains a plurality of pieces of music wherein the pieces are indexed according to a plurality of parameters, the i^ethod 
comprising the steps of : 

forming a request which specifies one or more pieces of music and/or associated parameters and one or more 
. conditional expressions; 

<o deierminifig associated parameters for the specified pieces of music if the parameters have not been specified- . 

companng the speciTied parameters and corresponding parameters associated writh other pieces of music In the 
database: " » 

calculating a distance tjased on the comparisons; 

identifying pieces of rfiusic which are at distances from the specified pieces of music as to satisfy the conditional 
expressions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] A preferred embodiment of the present invention will be described in detail with reference to the accompanvina 
^ drawings in which: r- 7 a 

Fig. 1 depicts a music database system in a kiosk embodiment; 
Fig. 2 illustrates a' music database system in a network embodiment; 
Fig. 3 provides a functional description of a music database system; • 
f^ig- 4 illustrates a generic feature extraction process; 
Fig. 5 depicts the tempo feature extraction process; 

Fig. 6 presents a further illustration of the tempo feature extraction process; 

Fig. 7 depicts a process flow diagram for a preferred embodiment of the percussivity estimator; 
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Fig. 8 presents more delail of the preferred embodiment; 

Fig. 9 illustrates a preferred embodiment of a comb filter; 

Fig. 10 depicts a linear function obtained from the comb filter output energies; 

Fig' 11 presents an accumulated histogram of a signal having an overall high percussivity; 
5 Fig. 1 2 presents an accumulated histogram of a signal having an overall low percussivity; 

Fig. 13 illustrates a typical percussive signal; 

Fig. 1 4 depicts a generic feature classification process; 
• Fig. 15 shows a database query process - music identifiers supplied in query; 

Fig. 16 illustrates a database query process - music features supplied in query; 
10 Fig* 1 7 illustrates a distance metric used to assess similarity between two pieces of music; and 

Fig 18 - 21 depict feature representations for four pieces of music; and 

Fig. 22 depicts a general purpose computer upon which the preferred embodiment of the invention can be practiced. 
DETAILED DESCRIPTION 

IS * . . 

r(M)18] Fig 1 depicts a music database system in a kiosk 102 embodiment. For the purpose of the descnption it is 
noted that 'kiosk' is a term of art denoting a public access data terminal for use in. for example, infonrotton data 
retrieval and audio output receipt. In this embodiment, the kiosk 102 owner/operator inputs pieces music 100 into 
the kiosk 102 where they are classified and stored in a database for future retrieval. A music lover comes up to the 

20 kiosk and inputs a music query 104 to the kiosk 102. which after performing a search of the k»sk music database 
based on parameters in the music query 104. outputs a desired piece of music 108 which is based on the music query 
104- The kk>sk 102 also outputs music identifiers 108 associated with the desired piece of music 106. Such identifiers 
could include, for example, the name of the piece of music. 

[0019] Fig 2 illustrates a music database systerri in a network embodiment- In this embodiment, a plurality of music 
25 database senders 202 are connected to a network 206 via access lines 204. The Server 202 owner/operators input 
pieces of music 100 into the sen/ers 202 where they are classifi.ed and stored in the database for future retrieval. 
Servers may be embodied in various forms including by means of general purpose computers as described in Fig. 4 
below A plurality of music database clients are also connected to. the network 205 via access lines 208. A client owner 
inputs a music query 104 into the client 210. whrch establishes a connection to the music database server 202 via.a 
30 network connection comprising access line 208. network 206 and access line 204. The server 202 performs a search 
of the music database based upon user query 104. and then outputs a desired piece of music 106, which is based on 
the music query 1 04. across the same network connection 204-206-208. The server 202 also outputs muse identifiers 
108 associated with the desired piece of music 1 06. Such identifiers could include, for example, the name of the piece 

35 ^020]'^ Fig 3 provides a functional description of the music database system. The database system performs two 
' high level processes, namely (i) inputting pieces of music 100. classifying them and storing them in the database for 
later search and retrieval and (u) servicing queries 1 04 to the music database system consequent upon which it outputs 
a desired piece of music 106 and/or music identifiers 108 associated with the desired piece of music 106. Such iden- 
tifiers could include for example, the name of the piece of music. Considering first the music input and classification 

40 process a piece of music 100 is Input, it then undergoes feature extraction 304 after which the features are classified 
306 and stored in feature database 308. In parallel with this process, the actual music piece itself 100 is stored in music 
database 302. Thus the piece of music 1.00 and its associated representative features are stored in two databases 
302 and 308 Next considering the database query process, the user query 104 is input whereupon feature comparison 
312 is performed between the features associated with the user query 104 and the features of the pieces of rpusic 

45 • stored in the feature database 308. After a successful search, a music selection process 31 4 extracts the desired piece 
of music 106 from music database 302 on the basis of the feature comparison 312. and outputs the desired piece of 
music 106 and/or music identifiers 108 associated with the desired piece of music 106. 

[0021] Fig 4 depicts a generic feature extraction process. Recalling from the functional description of the database 
system in Fig 3 the piece of music 100 is input, it then undergoes feature extraction 304 after which the features are 

so classified 306 and stored in feature database 308. In Fig. 5. the piece of music 100 is input, and feature extraction 
process 304 is seen to include, in this illustration, four parallel processes, one for each feature. The tempo extraction 
process 402 operates upon the input piece of music 1 00 to produce tempo data output 404. The loudness extraction 
process 406 operates upon the input piece of music 100 to produce loudness data output 408. The pitch extraction 
process 410 operates upon the input piece of music 100 to produce pitch data output 41 2. The timbre extraction process 

55 414 operates upon the input piece of music 100 to produce sharpness data output 416 and percussivity data output 
41 8. Thus, referring again to Fig. 3 it is seen that for this example, the output line 332 between the feature comparison 
process 312 and the feature database 308 is handling four differeat data sets 504. 508. 512. 516. 
[O022] Fig. 5 shows the tempo feature- extraction process 402 (described in Fig. 4) and will be descnl>ed in some 
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detail Tempo extraction firstly involves determination of the onset signal 620 from the piece of music 100. and then 
filtering this onset signal through a bank of comb fillers. Finally the energy in the comb filters accumulated over sub- 
stantially the entire duration of the piece of music 1 00 provides the.raw tempo data 404 indicative of the tempo or tempi 
(various tempos) present in the piece of music 1 00 substantially over irs duration 602. This set of processes is preferably 
implemented in software. Altemaiively. a number of processes and sub-processes can, if desired, be performed, for 
example, on the audio input card 216. where say a Fast Fourier Transform (FFT) can be perforrned using a Digital 
Signal Processor (DSP). Furthermore, comb fillers, described in relation to feature extraction, can also be implemented 
using a DSP on the audio card 21 8. Alternatively, these processes can be perfomned by the general purpose processor 
102. In Ftg. 5. an input music signal 100 is. partitioned into windows 502 and the Fourier coefficients in each window 
detenmined 504. This is an expanded view of the Fast Fourier Transtonn process 522, After calculating jhe FFT. the 
coefficients in each window oi- "bin' are summed 506 and the resulting signal 524 is low pass filtered 508, then differ- 
entiated 510; and finally half wave rectified 512 to produce onset signal 618 {see Fig. 6 also). 

[0023] Turning to Fig. 6, a waveform representation of the process described in Fig. 5 is shown. After.windowing the 
input music signal 100. the signal in each time window 604 is processed by a Fast Fourier Transform (FIT) process to 
form an output signal 620 which is shown piciorially as frequency components 606.in frequency bins 622-624 which 
are divided into individual lime windows 604. Output signal 620 then has its frequency component amplitudes 606 in 
the various frequency bins 622-624 added by an addition process 608. this summed signal, which may be considered 
as an energy signal, has positive polarity and is passed through a low. pass filler process 610. v/hose output signal 
628 is differentiated 612 to detect peaks, and then half-wave rectified 614 to remove negative peaks, finally producirig 
onset signal 618. The music signal Is processed across substantially the full duration of the piece of music 100. In an 
alternate embodiment, the onset signal 618 coukJ be derived by sampling signal 628, comparing consecutive samples 
to detect positive peaks of the signal 614. and generating pulses 628 each time such a p^k is detected. A brief 
explanation about the effect of partitioning the signal into time windows is in order. Summing frequency component 
amplitudes in each window is a form of decimation (i.e. reduction of the sampling frequency), since the number of 
zs digitised music samples in a window are summed to fomi one resultant point Thus selection of the window size has 
the effect of reduchg the number of sample points. The optimum selection of window size requires a balance between 
the accuracy of the resultant representation of the feature, and compression of the data in order to reduce computational 
burden. The inventor has found that a 256 point FFT (equivalent to an 11,6 msec music window size) yields good 
perfomnance when using the resultant feature for comparing and selecting music pieces in regard to tempo. Once 
significant changes in the spectrum (i.e. the starting points of notes 616) are kjcated, the onset signal 618 is passed 
through a bank of comb fitters in order to determine the tempo. As noted previously, comb fitters can be implemented 
using DSPs on the audio card 116 or alternatively by using general purpose processor 102. Each comb filler has a 
transfer function of the fomn: . 
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where: 

y^ represents the. instantaneous comb filter output 

y,.t represents a time delayed version of the conr*> filter output 

X,. represents the onset signal (618). 

[0024] Each of these comb filters has a resonant frequency (at which the output is reinforced) determined by the 
parameter 1/t. The parameter a (alpha) corresponds to the amount of weighting placed on previous inputs relative to 
the amount of weighting placed on current and future inputs. The onset signal 618 is filtered through the bank of comb 
filters, whose resonant frequencies are placed at frequencies which are at multiple sample spacings resulting from 
windowing. The filters should typically cover the range from about 0.1 Hz through to about 8Hz. The filter with the 
highest 6nergy output at each sample point is considered to have 'won", and a tally of wins is maintained for each filter 
in the filterbank, for example by using a power comparator to determine the highest energy and a counter to tally the 
•wins- After the onset signal 618 over substantially the full duration 602 of the piece of music 100 has been filtered, 
the filter that has the greatest tally is said to be the dominant. tempo present in the original music signal 100. Secondary 
tempo's may also be identified using the method. 

[0025] The timbre of a sequence of sound, which feature is characteristic erf the difference in sounds say between 
two musical instajmenls..is largely dependent upon the frequencies present, and their respective magnitudes. 
[0026] The spectral centroid provides an estimate of •brightness" or "sharpness" of the sound, and is one of the 
metrics used in the present embodiment in relation to extraction of timbre. This tMightness characteristic is given by: 
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s = ^(/)(A)/5;a 

w 

5 

where: 

S = spectral centroid 
f- frequency 
to A = Amplitude 

W = Window selected - 

[0027] In order to differentiate between the timbral characteristics of different audio signals, the present embodiment 
makes use of the Fourier transform of successive 0.5 second windows of the audio signal 100 in question. There is 
»5 no necessary relationship between the window size used for loudness feature extraction and that used for tempo or 
other feature extraction. Other techniques for extracting timbre may be used, 

[0028]' Percussivity is that attribute which relates to a family of musical instruments known as "percussion" when 
considering an orchestra or a band. This family includes such musical instruments as drums, cyrnbals. castanets and 
others. 

20 [0029] Fig. 7 depicts a flow diagram of a preferred embodiment of the percussivity estimator discfcjsed in the present 
inventfon. An input signal 736 on line 700 is analysed for percussivity during a time interval of interest 742. The input 
signal 736 is described in an inset 702 where the signal 736 is depicted on axes of time 706 and amplitude 704. The 
signal 736 is operated upon by a windowing process 71 0 which outputs a windowed signal on line 734. the windowed 
signal being shown in more detail in an inset 712, In the inset 712 windows, exemplified by a window 738, each having 

zs a predeterrritncd width 708. are overlapped with each other to an extent 776. Each window 738 is passed through a 
bank of comb filters 740 which is made up of individual comb filters exemplified by cxwnb filter 718. The structure and 
operation of an embodiment of the comb filter 718 is presented in more detail in relation to Fig. 3. The comb filter 718 
integrates the energy of the signal 736 across the particular window 738 being considered. The bank of comb filters 
740. outputs a peak energy 726 for each comb filter 718 in the bank of comb filters 740 for the window 738 being 

30 considered, representing the energy at frequencies con-esponding to the comb filter. This is shown in an inset 724. It 
is noted that the outputs exemplified by output 726 of the comb filter bank 740 are represented on axes of amplitude 
and frequency, and are spaced according to the frequencies corresponding to the indivkJual comb filters 718. The 
output from the comb filter bank 740 on line*720 is processed by a gradient process 722 which determines a straight 
line of best fit 732 which approximates the output signal exemplified by signal 726. 

35 [OO30] Fig. 8 presents a more detailed description of the preferred embodiment of the percussivity estimator as it 
relates to a digitised input signal. Given an input signal on line 800 to be analysed, the signal is first digitised in process 
802. The digifeed signal which is then output on line 804 is windowed by process 806 into 100 msec windows, with a 
50% overlap between windows. Each window is passed through a bank of comb filters 740 represented by process 
810. The comb fitters making up process 810 are spaced at frequencies between 200 Hz and 3000 Hz. The number 

40 and spacing of the individual comb filters 718 in the comb filter bank are discussed in more detail in relation to Fig. 9. 
The linear function on line 812 which is formed from the peak energy output of each comb fitter comprising the comb 
fitter bank process 810 is passed to a gradient process 814. The gradient process 814 determines a straight line of 
best fit which approximates the linear function which is output by the comb filter process 810 on line 812. and outputs 
the straight line function on line 816 for further processing. 

4S [0031] Fig. 9 depbls a block diagram of a preferred embodiment of an individual comb filter 71 8 used in the embod- 
iment of the percussivity estimator. The comb filter 718 is used as a building block to implement the bank of comb 
filters 740 (see Fig. 7). As described in relation to Fig. 6. «ach comb filter 718 has a time response which can be 
represented mathematically as follows: 

^ y(t) = aMt-T) + {l-al*x(t) [11 



where: 

55 x{t) is an input signal 900 to the comb filter; 

y(t) is an output signal 906 from the comb filler; 

T is a delay parameter determining the period of the comb filter; and . 

a is a gain factor determining the frequency selectivity of the comb filter 
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[0032] For each comb filter 718 in the bank of comb filters 740 (see Fig. 7). the delay factor T is selected to be ah 
integral number of samples long, the sample attributes being determiried by process 802 (see f^ig. 8). In the preferred 
embodiment of trie comb filter bank 740, the number of filters 718 in the bank 740 is determined by the number of 
mtegral sample lengths between the resonant frequency edges, these -edges being defined in the embodiment de- 
scribed in relation to Fig. 8 to be 200 Hz and 3000 Hz. The individual filters 718 need not be equally spaced between 
the frequency edges, however they need to provide substantial coverage of the entire frequency band between (he 
edges. 

[0033J Fig. 1 0 depicts a linear function 1 000 which is formed from the peak energy outputs of each comb filler 718 
m the comb filler bank 740. The ordinate 402 represents the peak energy output 126 of each comb fitter 118 in the 
fitterbank 1040. while the abscissa 1004 represents the resonant frequency of each fitter 718. Thus exemplary point 
1012 indcates that a filter having a resonant frequency 1008 has output a peak energy output 1010 lor the particular 
window bemg considered. A line of best fit 1006 is shown, having a gradient 1014 which Is representative of the per- 
cusslvity of the signal 736 within the particular window in question. 

[0034) Fig. 11 depicts how an aggregate of individual gradients, say 1014. each having been determined for a par- 
ticular window, say 738. can be consolidated and represented in the fonn of a histogram 11 GO covering the entire period 
of interest 742 for the signal 736 being considered. An ordinate 1102 represents the fraction of time during the Ume 
intenral 742 dunng which a particular percussivity is found to be present. An abscissa 1104 represents a normalised 
porcussivity measure, which can be determined by normalising all measured percussivity values during the time interval 
of interest 742 by the maximum percussivity value during the period 742. Thus, point 1106 indicates that a normalised 
percussivrty value 11 10 is found to be present for a fraction 1108 of the total time 742. It is noted that the area under 
• the curve 1100 can alsobe normalised for different signals being analyzed, in order to enable comparison of percussivity 
between the different signals. Fig, 11 represents a histogram for a.signal having an overall high percussii^ity 
[00351 Fig, 12 depicts a percussivrty histogram for'a different signal than the one considered in Fig 11 the signal in 
Fig. 1 2 having an overall tow percussivity. ' p 

[0036J Fig. 13 depfcts a typical percussive signal 1304 in the time domain, where the signaVl304 is plotted as a 
functKTn of an amplitude axis 1300 and a time axis 1302. 

[0037] The loudness feature is representative of the loudness over substantially the full duration of the piece of music 
1 00 (see Fig. 1 ). The piece of music 100 is first partitioned into a sequence of time windows, which for the purpose of 
classifipation and comparison on the basis of loudness, should be preferably about one half a second wide There is 
no necessary relationship between the window size used for loudness feature exlractk>n and that used for tempo or 
other feature extraction. The Fourier transfom:! of the signal in each window is taken, and then the power in each 
window IS calculated. The magnitude of this power value is an estimate of the loudness of the music within the corre- 
sponding half-second inten^al. Other methods of extracting loudness are known. 

[0038] Pitch IS anbther feature in the present embodiment determined by the feature extraction means in order to 
represent music while storing a new piece of musk: into the music database. The localised pitch is determined over a 
small window (say 0.1 seconds in this instance) by using a bank of comb filters. There is no necessary relationship 
between the window size used for pitch feature extraction and that used for tempo or other feature extraction These' 
comb filters have resonant frequencies covering a range of valid pitches. Advantageously this includes frequencies 
from around 200Hz up to around 3500Hz. and the fitters are spaced at intervals determined by the rate at v^ich the 
original musical signal was sampled. The sampled signal is filtered through the fitter bank, and the comb filter that has 
the greatest output, power will have a resonant frequency con-espooding to the dominant pitch over the window in 
question. From these resulting pitches, a histogram of dominant pttches present in the original music is formed This 
procedure is followed over substantially the entire duration of the piece of musrc. The method of pitch extraction em- 
ployed IS one of a number of methods for pitch extraction which exists and other methods may be used. 
[0039] Returning to Fig. 3. and considering the music input and classificatton process, when the piece of music 100 
IS input, it then undergoes feature extraction 304 after which the features are classified 306 and stored in feature 
database 308. Substantially in parallel with this process, the actual music piece itself 100 is stored in music database 
302. Thus the piece of music 100 and the associated representative features are stored in two distinct but related 
databases 302 and 308 respectively. If the music is initially derived from an anak)gue source, it is first digitised before 
being input into the feature extraction process 304. The digrtjsatton step may be implemented by way of a standard 
soundcard or. ,f the music is already in digital form, this digitisation step may be bypassed and the digital music used 
directly for 100. Thus, arbitrary digitization structures including the Musical Instrument Digital Interface (MIDI) format 
and others may be supported in the system. Ihere are no specific requirements in terms of sampling rate bits per 
sample, or channels, but it should be noted that if higher reproduction quality is desirable rt is preferable to select an " 
audio resolution ctose to that of a CD.- 

[0040] Fig. 1 4 depicts a generic feature classification process. Extracted feature signals 404. 408. 41 2. 41 6 and 41 8 
(refer Fig. 4) are accumulated in process step 1.404 as histograms over substantially the whole duration of the piece 
of music 1 00 resutting in an indicative feature output 1 406 for each extracted feature signal. This output 1 406 is stored 
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in the feature database 308. By identifying the N highest tempo's tn the manner descritjed In Figs. 5 and 6, a histogram • 
describing the relative occurrence of each tempo across substantially the whole duration of the piece of music 1 00 can 
be formed. -Similarly, by identifying the M highest volumes, a histogram describing the relative occurrence of each 
loudness across substantially the whole duration of the piece of music 100 can be formed. Again, by identifying the K 

s dominant pitches, a histogram describing the relative occurrence of each pitch across substantially the whole duration 
of the piece of musfc 100 can be formed. The spectral cenlroid is advantageously used to descrtoe the sharpness in 
a window. This can be accumulated as a histogram over substantially the full duration of the piece of music being 
analyzed and by identifying P sharpnesses (one for each window), a histogram describing the relative occurrence of 
each sharpness across substantially the whole duration of the piece of music 100 can be formed. Accumulation of 

10 features as histograms across substantially the entire duration of pieces of music yields a duration independent mech- 
anism for feature classification suitable for search and comparison between pieces of music. This forms the foundation 
for classification in the music database system. The spectral centroid is advantageously used to describe the percus- 
* sivity in a window. This can be accumulated as a histogram over substantially the full duration of the piece ot music 
being analyzed and by identifying P percussivitles (one for each window), a histogram describing the relative occurrence 

IS of each percussivity across substantially the whole duration of the piece of music 100 can be formed. 

[0041] Fig. 1 5 describes a database query process where music identifiers are supplied in the query. A music query 
104 (see Fig..1) may take on a number of forms which include, but are not limited to: 

(1) a set of names of known pieces of music and a degree of similarity/dissimilarity specified by a conditional 
so expression (shown undertined) for each piece (e.g. ven/ much like 'You can hear me in the harmony" by Harry 

Conick Jr., a little like "1812 Overture" by Tchaikovsky, and not at all like "Breathless" by Kenny G); 

(2) a set of useV specified features and a similarity/dissimilarity specification in the fonm of a conditional expression 
(e.g. something that has a tempo of around 1 20 beats per minute, and is nnostly loud). 

25 ' [O042] In Fig. 15. the music query 104. containing music identifiers and conditional expressions is input into the 
feature comparisori process 312 (see Fig. 3). This process 312 includes the feature retrieval process 1502 which 
retrieves the features associated with the pieces of music named in the music query 104 from feature database 308. 
Next these retrievecf features are passed to similarity comparison process 1 504 which searches the feature database 
308 tor features satisfy ing the conditional expression contained in music query 1 04 as applied to the features associated 

30 with pieces of music named in music query 104/ The results of this comparison are passed to the identifier retrieval 
process 1506 whwh retrieves the music identifiers of the pieces of music whose features satisfy the conditional ex- 
pressions as applied to the Wentifiers specified in music query 104. These identifiers are passed to the music selection 
process 314 which enables the output of the desired music 106 and/or music identifiers 108 from music database 302 
and feature database 308 respectively 

35 [0043] Fig. 16 describes a database query process where music features are supplied in the music query 104. The 
music query 104. containing musk: featui-es and conditional expressions, is available at the query stage 104 and thus 
in this case the feature retrieval process 1502 is bypassed (see Fig. 15). Next these provided features are passed to 
the similarity comparison process 1604 which searches the feature database 308 for features satisfying the conditional 
expression contained in music query 104 as applied to the features provided in the music query 104. The results of 

40 this comparison are passed to the identifier retrieval process 1606 which retrieves the music identifiers of the pieces 
of music whose features satisfy the conditional expressions in relation to the kJenlifiers specified in music query 1 04. 
These kJenlifiers are passed to the music selectkxi process 314 which ensures the output of the desired music 106 
and/or music identifiers 108 from music database 302 and feature database 308 respectively. 

[0044] Considering the process of feature comparison 312, a similarity comparison is performed between the features 
45 of music stored by the system in the feature database 308 which correspond to pieces of music 100 stored in music 
database 302, and features corresponding to the music query 104. Since a number of different features (and feature 
representatioris) exist in the feature database 308. the comparisons between corresponding features are advanta- 
geously performed differently for each feature, for example: 

so • comparison between loudness features stored as histograms are made through the use of a histogram difference. 

-or comparison of a number of moments about the mean of each histogram., or other methods that achieve the 
same goal; 

• comparison between tempo features stored as histograms.are accomplished by methods such as histogram dif-. 
ference, or comparison of a number of moments alx)ut the mean of each histogram or other methods that achieve 

55 the same goal. 

• comparison between pitch features stored as histograms are performed using a histogram difference, or a com-, 
parison of a number of moments about the mean of each histogram. Other methods for comparison of pitch features 
may also be used. - 
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• comparison between sharpness features stored as histograrns are achieved through the use of methods such as 
histogram difference, or comparison of a number of moments about the mean of each histograrn. or other methods 
that achieve the same. goal, and 

• comparison between percussivity features stored as histograms are achieved through the use of methods such 
5 as histogram difference, or comparison of a number of moments about the mean of each histogram, or other 

methods that achieve the same goal. 

[0045] Once the comparison of each of the relevant features has been made, the overall degree of similarity is 
ascertained. A simple, yet effective way of determining this is through the use ot a distance metric (also known as the 
ro Minkowski metric vwth r= 1). v«th each of the feature comparison results representing an individual difference akxig 
an orthogonal axis. 

[0046] Fig. 17 illustrates a distance metric used to assess the similarity between two pieces of music where O is the 
distance between the two pieces of music 1708 and 1710 (only 3 features are shown for ease of representation). In 
this case, a smaller value of D represents a greater similarity. 0 is advantageously represented by: 

. SORT ((kiudness histogram difference)^ + (tempo histogram (differjsnce)^ + (pitch 
histogram difference) + (timbre histogram difference) ) 
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[0047] Fig. 17 illustrates the distance between two pieces of music 1708, 1710, these pieces of music being defined 
Interrihs of three exemplary features namely pitch 1702. tempo 1704. and sharpness 1706. Distance D 171 2 represents 
the distarice between the pieces of musk: 1 71 0 and 1 708 when measured in this context 

[0048] the above method will be partially described for a specific query 104 namely -Find a piece of music simitar ' 
to piece A", where the database contairis pieces of music A. B. C. and D. This query 104 is of a type described in Fig, 
1 5 where music KJentlfiers (ie the name of the piece of music "A") arKJ a conditional expression ( 'similar to '> is provided 
in the query 104. . 

[0049] Each piece of music stored in the database is represented by a number of features that have been extracted 
when the pieces were classified and stored in the database. For the sake of simplicity the example presented is re- 
strfcted to two features, namely tempo and'sharpness, where both features are represented by simplified histograms 
[0050] The four music pieces to be conskiered are named A. B. C and D. Their corresponding feature histograms 
are illustrated in Figs. 18-21. 

[0051] Fig. 18 illustrates a tempo histogram and a timbre (alternatively called sharpness) histogram for piece of musk: 
A. This piece of music is shown to have a tempo of 1 Hz (or 60 beats/inin) (1800) lor 0.5 or 50% of the lime (1808) 
and a beat of 2 Hz (or 1 20 beats/minute) (1802) for 50% of the time (1808). The piece of music displays a brightness 
of 22050 Hz (1804) for 20% of the time (1810) and a brightness of 44100 Hz (1806) for 80% of the lime (1812). Figs 
19-21 display similar features for pieces of music B - D. 

[O052] When the query is presented, the following sequence of operatkxis is performed: 

• Comparison of the features of .A and B 

• Comparison of the features of A and C 

• Comparison of the features of A and D 

• Selection of the music that is least distant from A 

[0053] Since all features of the muse in the database are preferably represented as histograms, comparisons be- 
tween these features is based on a comparison between the histograms. Two methods that are useful in forming this 
comparisor? are the histogram difference, and the comparison of moments, 

• Considering lhe first method, thehistogram difference is performed by comparing the relative occun-ence frequen- 
cies of the different obsen^alk>ns. taking the suim over all these comparisons and then normalising by the number 
of histograms being compared: If both histograms are individually normalised such that their individual integral 

. surns are equal to 1.0. then the maximum histpgram difference will be 2.0 (and if the absolute value of each 
•comparison is taken.- the minimum difference will be 0.0). 

[0054] Considering the second method, comparison of moments is achieved by considering the differences between 
a number of moments about the origin of each histogram. The general form may be used to calculate moments about 
the origin: 
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where: 



fi^ is the Kth moment about the origin 
X* is the Xth component ol the histogram 
Vfjr; is the value of the histogram of 

10 - 

[0055] It is also common to normalise the moments with respect to the second moment atiout the origin, in order to 
make them independent of the scale of measurement: 

[OOSq With reference to Figs. 18 and 19, for the query 104 "similar to A' ernploying histogram difference, the calcu- 
is tatton of distance is performed as follows: . 

[00S7J The difference between A and B in regard to terripo is: 

IO.5-0.33l -ijO.5-0.33l ■4-|0-0.33| ^ 33 
2 
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where the number of terms in the numerator is determined by the number of histogram points being compared^ 
and the denominator is determined by the fact that two histograms are being compared. 
[0058] Similarly, for A and B in regard to timbre: 

2S • 10.2-0.^ -fjO.B-O.lL g^ 

2 ' 

[0059] Thus, distance between A and B is given by: 



7o.7^+0,335^ =0.776 

[OOeO] If we consider the histograms in Figs. 18-21 for the features extracted from the piece of music A. B, C and D: 
[0061] Music A. tempo histograni: 

Hg = 0.5 X 1 .0? 0.5 X 2.0^ + 0 X 3-0^ = 2.50 
P3 = 0.5 X 1 .0^ -H 0.5 X 2.0^ + 0 X 3:0^ = 4.50 
= 0.5 X 1 .0^ + 0.5 X 2.0* + 0 X 3.0* = 8,50 
P3^2 =1-14 

[0062] Music A, sharpness histogram: . 

P2 = 1.653x10® 
•^3 = 7.076x10^^ 
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M4 =3.073 X 10'® 



'3/2 

=1.05 



^4^i^ ^"=1.12. 



^=4.62 
^3 = 1 1 .88 
= 32.34 



2S . >f4f^2*'*^= 1-52 



15 
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[0064] Music B. shaipness histogram: 



30 ' Jig =6,321 xlO® 



^3 = 1.823x10^^ 



35 



40 



H4 = 5.91 xlO^^ 



[0065] Comparisons tor the query "similar to A': 
4£ [0066] A and B tempo: 



11.14- 1,201 11.36 -1.521 = 0.22 

so [0067] A and B sharpness: 

11.05-1.151 + 11.12-1.481 = 0.46 

55 [0068] A and B distance: 



7o.22^40.46^ =0.5 
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[0069] The above analysis is only partially shown for Ihe sake of brevity, however if fully expanded, it is seen thai in 
both histogram difference and moment methodsv IVlustc B would be selected by the query 104 as being "similar to A", 
- since the cateulated distance between Music A and Music B is smallest when compared to C. D. 

[0070] In the above example, the query 1 04 was Tind a piece of music similar to piece A" and thus the method sought 

5 to establish which pieces of music B. C and D are at a distance smallest from A. 

[0071] In a rrwe complex query 104 of the form, for example, "find a piece of music very similar to A, a little bit like 
B. and not at all like C, the same general form of analysis as illustrated in the previous example wouki be used. In 
this case however, the other pieces of music in the database namely D. E, K. ... would l>e assessed in order to 
establish which piece of music had features which could simultaneously satisfy the requirements of being at a minimum 

io distance from A, a larger distance from B» and a maximum dislartce from C. 

[0072] II is further possible to apply a wejghting to each tndmdual feature in order to bias the overall distance metric 

in some fashion {for example biasing in favour of tempo similarity rather than loudness similarity). 

[0073] In considering similarity assessment on the basis of either the histogram difference, or the comparison of 

* ' moments, these being applied to the attributes of pitch, toudness. tempo, and timbre (i.e. sharpness Eind percussivity).* 

IS it is found that two-pass assessment provides better classification results in some cases. The two-pass assessment 
process performs a first assessment on the basis of loudness, percussivity and sharpness, and then a second sorting 
process based on tempo. In the present emtkxJimenls, it is found mat the feature of pitch may be omitted from the 
similarity assessment process without significantly degrading the overall similarity assessment results. 
[0074] In considering similarity assessment using the comparison of moments process, good results are produced 

20 by selecting particular mornents for each feature as shown in the folk>wing table: 



Feature 


Moments 


loudness 


rrK>de, mean, variance 


sharpness 


nruxJe, mean, variance 


percussivity 


variance 


tempo 


mode, rfiode tally, variance 



30 ■ where "mean" and Variance" are determined in accordance with the foltowing general form which expresses flrjoments 
atx>ut the mean: 



where: 

"mean" = ii^^ for ksri ; and 
40 ■variance" = for k=2; • 

[0075} The "mode", in particular having regard to tempo, represents the most frequently occurring i.e. the "dominant* 
tempo in the tempo histogram, and is thus the tempo associated with the peak of the histogram. Tlie "mode tally" is 
the amplitude of the peak, and represents the relative strength of the dominant terlnpo. 
^ [0076] Application of clustering techniques to a complete set of moments corresponding to the extracted features, 
including the mode of each histogram, provides better classification results in some cases. Use of Bayesian estimation 
produces a "best" set of classes by which a given dataset may be classified. 

[0077] Fig. 22 shows how the system -can preferably be practised using a conventk>nal general-purpose computer 
2200 wherein the vark^us processes described may be irhplemented as software executing on the computer 2200. In 

^ particular, the various process steps are effected by instructions jn the software that are carried out by the computer 
2200. The software may be stored in a Computer readable medium, is loaded onto the computer 2200 from the medium, 
and then executed by the computer 2200. The use of the computer prograrn product in the computer preferably effects 
an apparatus for (i) extracting one or more features from a music signal, said features including, for instance, tempo, 
loudness, pitch, and timbre, (ii) classification of music using extracted features, and (iii) method of querying a music 

^5 database. Corresponding systems upon which the above method steps may be practised may be implemented as 
described by software executing on the above mentioned general-purpose computer 2200. The computer system 2200 
includes a computer module 2202. an audio input card 2216, and input devices 2218, 2220. In addition, the computer 
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system 2200 can have any of a number of other output devices including an audio output card 2210 and output display 
2224. The computer system 2200 can .be connected to one or nrK>re other, computers using an appropriate communi- 
cation charinel such as a modem communications path, a computer network', or the like. The computer network may 
include a tocal area network (LAN), a wide area network (WAN), an Intranet and/or Internet. Thus, for example, pieces 
of music 100 may be input via audio input card 2216. music queries may be input via keyboard 2218. desired music 
106 may be output via audio output card 2210 and desired music identifiers such as the names of the desired pieces 
of music may be output via display device 2224. The network embodiment shown in Fig. 2 would bo implemented by 
using the communication channels to connect server computers to the network 206 via access lines 204. Client com- 
puters would be connected to the network 206 via access lines 208 also using the computer communication channels. 
The computer 2202 itself includes a central processing unit(s) (simply referred to as a processor hereinafter) 2204-. a 
memory 2206 which may include random access memory (RAM) and read^xily memory (ROM), an input/output (lO) 
interface 2208, an audio input interface 2222. and one or more storage devices generally represented by a block 221 2. 
The storage device(s) 221 2 can include one or more of the following: a floppy disk, a hard disk drive, a magnetoopticai 
disk drive, CO-ROM. magnetic tape or any other of a number of non-votatile storage devices well known to those skilled 
In the art. Each of the components 2204. 2206. 2208. 221 2 and 2222. is typically connected to one or more of the other 
devices via a bus 2204 that in turn can include data, address, and control buses. The audio interface 2222 is connected 
to the audio input 2216 and audio output 2210 cards, and provides audio input from the audio input card 2216 to the 
computer 2202 and from the computer 2202 to the audio output card 221 0. 

[0078] The preferred embodiment of the inventk>n can. alternatively, be implemented on one or more integrated 
circuits. This mode of implementation altows incorporation of the vark>us system elements into individual pieces of 
equipment where the functionality provided by such apparatus is required. 

[0079] In the case where software is provided to configure a general purpose computer 2200 to operate in accorcJance 
with the present invention, the software may be modulated onto a carrier signal and downtoaded through a computer 
network, such as the internet, to the general purpose computer 2200. 

[0080] The foregoing describes a number of embodiments for the present invention. Further modificatk>ns can be 
made thereto without departing from the scope of the inventivja concept. 

Claims 

1. A rhethod for querying a music database, which contains a plurality of pieces of music wherein the pieces are 
. indexed according to one or more parameters, the method comprising the steps of: 

(a) forming a request which specifies one or more pieces of ntusic and/or associated pararneters and one or 
more conditional expressions; 

(b) determining associated parameters for the specified pieces of music if the parameters have not been 
specified; 

(c) comparing the specified parameters and corresponding parameters associated with other pieces of music 
in the databasei; 

(d) calculating a distance based on the comparisons: and 

(e) identifying pieces ot music whteh are at distances from the specified pieces of music as to satisfy the 
conditional expressions.' 

2. A method according to claim 1 , including the further steps of: 

(f ) outputting at least one of (fa) the identified pieces of musrc and (fb) the names of sakJ pieces. 

3. A method according to claim 1 or 2. whereby calculating a distance in step (d) comprises the sub-steps of: 

- (da) calculating a distance based on comparison ol a loudness, a percussivity. and a sharpness; and subse- 
quently 

(db) sorting on the basis of a tempo. 

4. A method according to any preceding claim, whereby the comparing'in step (c) is with pieces of music in a class 
of the plurality ot pieces of music in the database. 

5. A method according to claim 2. whereby the at least one of (fc) identified pieces of music and (fd) the names of 
said pieces are in a class of the plurality of pieces of music in the database. 
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6. A melhcxi according lo any preceding claim, whereby a classificalion according to which the pieces of music are 
indexed uses feature extraction, the method further comprising the steps of: 

(g) segmenting a piece of music over time into a plurality of windows; 
s (h) extracting one or more features in each of said windows; and 

(i) arranging the features \n histograms wherein the histograms are representative of the features over the 
entire piece of music. 

. 7. A method according to claim 6, whereby a first feature extracted in step (h) is at least one tempo extracted from 
10 a digitised music signal, the feature extraction comprising the further sub-steps of: 

(ha) segmenting the music signal into a plurality of windows; 

(hb) determining values indicative of the energy in each window; 

(he) locating the peaks of an energy signal which signal is derived from the energy values in each window; 
IS (hd) generating an onset signal comprising pulses, where pulse peaks substantially coincide with the peaks 

of the energy signal; 

(he) filtering the onset signal through a plurality of cfxnb filter processes with resonant frequencies located 
according to frequencies derived from the window segmentation; 

(hf) accumulating an energy in each filter process over a duration of the music sigr^l; and 

20 . (hg) identifying the filter processes having Nth highest energies wherein resonant frequencies of the identified 

processes are representative of at least one tempo in the music sigrial. 

8. A method according to claim 7, wfiereby the determination of the energy signal In sub-step (hb) comprises the 
further sub-sub-steps of: 

25 

(hba) determining transform components for the music signal in each window; and 

(hbb) adding amplitudes of the components in each window to form a component sum, said componient sum 
being indicative of energy In a window. 

30 9. A method according to claim 7 or 8. whereby after locating the peaks of an energy signal in sut>step (he) Eind prior 
to forming the onset sigr^l generated in sub-step (hd) the method comprises the further sub-sub-steps of: 

(hca) low pass filtering the energy sigr^L 

35 1 0. A method according to clafm 7, 8 or 9, whereby the onset signal is formed in sub-step (hd) according to the further 
sub-sub-steps steps of: ■ • 

(hda) differentiating the energy signal; and 

(hdb) half-wave rectifying the differentiated signal to form the oriset signal. 
40 ■ 

11. A method according to claim 7, 8 or 9, whereby the onset signal is formed in sub-step (hd) according to the further 
sub-sub-steps of: ^ ^ 

(hdc) sampling the energy signal; 

<s (hdd) comparing consecutive samples to determine a positive peak; and 

(hde) generating a single pulse when each positive peak is detected. 

12. A method according to any of claims 7 to 11. wherein the filter process resonant frequencies span a frequency 
range substantially between 1 Hz and 4Hz. 

BO 

13. A method according to claim 8. whereby a second feature extracted in step (h) is a percussivhy of a signal, the 
method comprising the sub-steps of: . - . 

(hh) segmenting the signal into a plurality of windows, and for each window; 
55 (hi) filtering by a plurality, of filters; 

(hj) determining an output for each filter; 

(hk) determining a function of the filter output values; 

(hi) determining a gradient for the linear function; and 
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(hm) delenmrning a percussivity as a function of Ihe gradi'ent. 
14. A method according to claim 1 3. whereby the segmentation sub-step (hh) comprises the further sub-sub-steps of: 

^ (hha) selecting a window width; 

(hhb) selecting a window overlap extent; and 

(hhc) segmenting the signal into windows each window having the selected window width and the windows 
overlapping each other to the selected .overlap extent. 

10 1 5j A method according to claim 1 3 orl 4, whereby the filtering sub-step (hi) utilises comb filters. 

1 6. A method according to claim 1 3. 1 4 or 1 5. whereby the gradient determination step (hi) is performed by determining 
a straight line of best fit to the linear function. 
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17. A method according to any of claims 13 to 16. whereby the percussivity values determined in step (hm) for a 
window for each window are consolidated in a histogram. 

18. An apparatus for querying a music database, which contains a pJurality of pieces of music wherein the pieces are 
indexed according to one or more parameters the apparatus comprising: 

(a) a request means for forming a request which specifies one or more pieces of music and/or associated 
parameters and one or more conditional expressions; 

(b) a parameter detenmination means for detemnining associated parameters for the specified pieces of music 
if the parameters have not been specified; 

(c) a comparison means for connparing the specified parameters and corresponding parameters associated 
with other pieces of music in the database; 

(d) a distance detemnination means for calculating a distance based on the comparisons; and 

(e) a determination means for identifying pieces of music which are at distances from the specified pieces of 
music as to satisfy, the conditional expressions. 

1 9. An apparatus according to claim 1 8, wherein the apparatus further comprises: 

(f ) an output means for outputting the identified pieces of music and/or the names of said pieces. 

20. An apparatus according to claim 18 or 1 9. whereby the distance determination means (d) comprises: 

(da) a<iistance deterniination means for a loudness, a percussivity and a sharpness; and 

(db) a sorting means for a tempo. 

21. An apparatus according to claim 18. 19 or 20, whereby the apparatus further conrtprises a means for clustering 
the pieces of music in the database into classes. 

22. An apparatus according to any of claims 18 to 21 , whereby a classification according to which the pieces of music 
are indexed uses feature extraction means, the means comprising: . * ' 

(g) segmentation means for segmenting an entire piece of music over time into a plurality of windows; 

(h) feature extraction means for extracting one or more features in each of said windows; and 

(i) histogram detenmination rrteans for arranging the features in histograms wherein the histograms are rep- 
resentative of the features over the entire piece of music. 

23. An apparatus method according to claim 22. whereby a first feature extracted in step (h) is at least one tempo 
. extracted frorn a digitised music signal, and wherein the feature extraction means comprise: 

(ha) segmentation means for segmenting the music signal into a jaluralrty of windows; 

(hb) energy determination means for determining values indicative of the energy in each wirKiow; 

(he) peak location determination' means for locating the peaks of an energy signal which signal is derived from 
the energy values in each window; 

(hd) onset signal generation means (or generating ah onset. signal comprising pulses, where -pulse peaks 
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substantially coincide with the peaks of the energy signal; 

(he) a plurality of comb filter means for filtering the onset signal wherein the plurattty of comb filter means have 
resonant frequencies located according to frequencies derived from the window segmentation; 

(hf) energy accumulation means for accumulating an energy in each fitter process over a duration of the music 
signal; and 

(hg) tdentiftcatton means for identifying the filter processes having Nth highest energies, wherein resonant 
frequencies of the identified processes are representative of at least one tempo in the music signal. 

24. An apparatus according to claim 23, whereby the energy determination means in sub^tep (hb) comprise: 

(ht^a) transform determination means for detenmiriing transform components for the music signal in each win- 
dow; and 

(hbb) addition means for adding amplitudes of the components in each window to form a component sum, 
said component sum being indicative of energy in a window. . 

25. An apparatus according to claim 23 or 24, wherein the apparatus further comprises low pass filtering means for 
low pass filtering the energy signal after locating the peaks of an energy signal in sub-step (he) and prior to forming 
•the onset signal generated in sub-step (hd). 

20 26. An apparatus according to claim 23. 24 or 25, wherein the onset signal generation means in sub-step (hd) comprise: 

(hda) differentiating means for differentiating the energy signal; and 

(hdb) rectificatton means for half -wave rectifying the. differentiated signal to form the onset signal. 

2S 27. An apparatus according to claim 23. 24 or 25. wherein the onset signal generation means in sub-step (hd) comprise: 

(hdc) sampling means for sampling the energy signal; 

(hdd) comparator means for comparing consecutive samples to determine a positive peak; and 

(hde) pulse generation means for generating a single pulse when each positive peak is detected. 
30 , 

28, An apparatus according to any of claims 23 to 27, wherein the comb filter means resonant frequencies span a 
frequency range substantially between 1 Hz and 4Hz. 

29. An apparatus according to claim 22. whereby a second feature extracted in step (h) is a percussivity of a signal. 
35 and wherein the feature extraction means comprise: 

(hh) segmentation means for segmenting the signal into a plurality of windows, and for each winc^w; 

(hi) filtering means for filtering by a plurality of filters; 

(hj) filter output determinatfon means for determining an output for each filter; 
40 (hk) function determination means for determining a functksn of the filter output values; 

(hi) gradient determination means for determining a gradient for the linear function; and 

(hm) percussivity determination means for determining a percussivity as a function of the gradient. 
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30. An apparatus according to claim 29. wherein the segmentation means in sub-step (hh) comprise: 

(hha) selection means for selecting a window wkfth; 
. ' (hhb) overlap determinatk>n means for selecting a wiridow overlap extent: and 

(hhc) segmentation means for segmenting the signal into windows each window having the selected window 
width and the windows overlapping each other to the selected overlap extent. 

31. An apparatus according to claim 29 or 30, wherein the filtering means in sub-step (hi) are comb filters. 

32. An apparatus according to claim 29. 30 or 31 . whereby the gradient determination means in sub-step (hi) comprises 
means for determining a straight line of best fit to the linear f unctk>n. 

33. An apparatus according to any of claims 29 to 32, wherein the percussivity determination means in sub-step (hm) 
consolidate the percussivity for each window into a histogram. 
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34. A computer readable medium incorporating a computer program product for querying a. music database which 
contains a plurality of pieces ol music wherein the pieces are indexed according to one or more parameters said 
computer program product comprising: 

(a) a request means for forming a request which specifies one or rnore pieces of music and/or associated 
parameters and one or more conditional expressions; 

(b) a parameter determination means for determining associated parameters for the specified pieces of music 
if the parameters have not been specified: 

(c) a comparison means for comparing the specified parameters and corresponding parameters associated 
with other pieces of music in the database; 

(d) a distance deterrnination means for calculating a distance based on the comparisons; and 

(e) a detemiination means for identifying, pieces of music which are at distances from the specified pieces of 
. music as to satisfy the cor>ditional expressions. 

35. A computer readable medium according to claim 34 said computer program product comprising: 

. (f) an output means for outputting the identified pieces of music and/br the names of said pieces, 

36. A computer readable medium according to claim 34 or 35. whereby the distance detemiination means com- 
prises: \ / ^ < 

(cte) a distance determination meanis for a loudness, a percussivity. and a sharpness; 
- (db) a sorting means for a tempo. 

37. A computer readable medium according to claim 34. 35 or 36, whereby the c^puter program product relating to 
the comparison means in (c) Comprises a means for clustering the pieces of music in the database into classes. 

38. A computer readable medium according to any of claims 34 to 37. whereby a classification according to. which the 
pieces of music are indexed uses feature extraction means, said computer program product comprising: 

(g) segmentation means for segmenting an entire piece of music over time into a plurality of. windows; 

(h) feature extraction means for extracting one or nfiore features in each of said windows; and 

(i) histogram delemnination means for arranging the features in histograms whereri the histograms are rep- 
resentative of the features over the entire piece of music. 

' 39. A computer readable medium method according to claim 38, whereby a first feature extracted in step (h) is at least 
one tempo extracted from a digitised music signal, and wherein said computer program product comprising: 

(ha) segmentation means for segmenting the music signal into a plurality of windows; .* 

(hb) energy determination means for determining values indicative of the energy in each window; 

(he) peak location determinaition means for locating the peaks of an energy signal whkxh signal is derived from 
the energy values in each window; 

(hd) onset signal generation means for generating an onset signal comprising pulses, where pulse peaks 
substantially coincide with the peaks of the energy signal; 

(he) a plurality of comb filter means for filtering the onset signal wherein the plurality of comb filter means have 
resonant frequencies located according to frequencies derived from the window segmentation; 

(hf) energy accumulatkxi means for accumulating an energy in each filter process over a duraticin of the music 
signal; and 

(hg) identification me^s for kJentifying the filter processes having Nth highest energies wherein resonant 
frequencies ol the identified processes are representative o( at least one tempo in the music signal. • 

40. A computer readable medium according to clairfl 39. whereby said computer program product relating to the energy 
determination means in sub-step (hb) comprises: - , 

(hba) transform determination means for detemiining transform components for the music signal in each win- 
dow; and 

(hbb) addition means for adding amplitudes of the components in each window to form a component sum 
said component sum being indicative of energy in a window. 
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41. A computer readable medium according to claim 39 or 40. said computer program product further comprising low 
pass filtering means for low pass filtering the energy signal after locating the peaks of an energy signal in sub^lep 
(he) aruJ prior to forming the onset sigrtal generated in sub-step (hd). 

42. A computer readable medium according to claim 39. 40 or 41 , wherein said computer program product relating to 
the onset signal generation means in sub-step (hd) comprises: 

(hda) differentiating means for differentiating the energy signal; and 

(hdb) rectification means for half-wave rectifying the differentiated signal to form the onset signal. 

43. A computer readable medium according to claim 39. 40 or 41 . wherein said computer program product relating to 
the onset signal generation means in sub-step (hd) comprises: 

(hdc) sampling means for sampling the energy signal; 

(hdd) comparator means for comparing consecutive samples to determine a positive peak; and 

(hde) pulse generation means for generating a single pulse when each positive peak is detected. 

•44. A computer readable medium according. to any of clain^ 39 to 43. said computer program product relating to the 
filter means resonant frequencies spaning a frequency range substantially between ^Hz and 4Hz. 

45. A compute r readable medium according to claim 38, wh ereby a second f eatu re extracted in step (h) is a percussivity 
<rf a signal, and wherein said computer program product relating to the feature extraction means comprise: 

(hh) segmentation means for segmenting the signal into a plurality of windows, and for each window; 
2S (hi) filtering means tor filtering by a plurality of filters; 

(hj) filter output determination means for determining an output for each filter; 

(hk) function determination means for determining a f uriction of the filter output values; 

(hi) gradient determination means for determining a gradient for the linear function; and 

(hm) percussivity determination means for determining a percussivity as a function of the gradient. 

30 

46. A computer readable medium according to claim 45, wherein said computer program product relating to the seg- 
mentation means in sub-step (hh) comprises: 

(hha) selection means for selecting a window width; 
3S (hhb) overlap determination means for selecting a window overlap extent; and 

. (hhc) segmentation means for segmenting the signal into windows each window having the selected window 
width and the windows overlapping each other to the selected overiap extent. 

47. A computer readable medium according to claim 45 or 46. wherein the said conaputer program product relating to 
40 filtering means in sub-step (hi) are comb fitters. 

48. A computer readable medium according to claim 45. 46 or 47. whereby said computer program product relating 
to the gradient determination means in sub-step (hi) comprises means for determining a straight line of best fit to 
the linear function. 

4S 

49. A computer reacJable medium according to any of claims 45 to 48, wherein said computer program product relating 
to the percussivity determination means in sub-step (hm) consolidates the percussivity for each window into a 
histogram. 

so . 50. A method for querying a music database substantially as described herein with reference to any one of the em- 
bodiments, as thai embodiment is shown in the accompanying drawings. 

51. An apparatus for querying a music database substantially as described herein with reference to any one of the 
• embodiments, as that embodiment is shown in the accompanying drawings. 
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52. A computer readable medium for querying a music database substantially as described herein with reference to 
any one of the embodiments, as that emtxxJiment is shown in the accompanying drawings 
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53. A method for querying a music database which contains a pturalily of pieces of music, the method comprisina the 
steps of: ^ 

receiving a user request for one or .more pieces of music from the database; 

generating one or more features representative of the style of the requested one or more pieces of music- 
determining one or more features representative of the style of each piece of music in said database, if those 
features have not already been detennined. - * 

comparing the one or more features representative of the style o% the pieces of music in the database with the 
one or more features representative of the one or more pieces of nriusic requested by said request; and 
identifying one or more piece of music from said database in response to said comparison step. 

54. A signal carrying Instractions for configuring a programmable processing device as an apparatus for quervinq a 
music database according to any of claims 18 to 33. . 
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